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TITLE OF THE INVENTION 

INSPECTION METHOD AND APPARATUS FOR CIRCUIT PATTERN 

BACKGROUND OF THE INVENTION 
(Field of the Invention^ 

/ 

The present invention relates to a technique (l:o].|^ 
inspect, fine circuit patterns on circuit boards for^ 
semiconductor devices, liquid crystal displays, j^^tcj by 
(using)^ electron beain#. 

(Description of the Related Air^ 

;tjkjt OAA/UM^ «A/^jLaK^ ^-\xrCX4<A^ 

As an example of,^|related ar^, a typical ^istin^ 
method of inspecting (the)j^f ine circuit pattern on a wafer 
(board) will be described. j 

An integrated circuit is|made)by printing ^he^patterns^t^/i^^^ 
15 formed on photo masks. on a wafer successively by lithography 

and etching. The yield of IC'^s^is affected by errors in^^ 
printing patterns , entry of foreign matter||, etc; 
accordinalv, Aoatterns on wafers are inspected in *f 
manufacturilftfj im$0mBm ofMC^s. 
20 Defects of circuit patterns on wafers are^detected 

ftiainli^ optically or by using an electron beam. With patterns 
(eve3r] becoming^f iner and more complex, ^shapes ^ve^ becomingy^ 
more complex, and;^materialS|(eve^diversif ]bMM^ it has become 
difficult to detect defects byjoptical methods. (Propose^ 
25 Vlnder the circumstancesj^re||^ methods of inspecting such 



- 2 - 



patterns on^ their imagesj^reproduced with electron becuns,[ofj 
fwhich^the resolution lis higher than^optical images. 

According to some methodsji^proposed, an electron beam 
is applied to a circuit board to obtain an image of its 
5 circuit pattern. When defects are detected, the|(> images 
are stored and analyzed to determine the kinds of (thej defects 
automatically (for example, see APa tent Document 1) . 

As an example, a typical existing method of measuring 
the dimensions of |th^j^fine circuit pattern on a wafer will 
10 be describe d. 

^s the circuit patterns of IC's become finer, more 
strict control of the dimensions .and shapes of the circuit 



trol of the dimensions and sha 



patterns on /wafers is required. ^ffven slight dimensional 
errors affect the performance of ilea's. 
15 Circuit patterns on wafers are measured optically or 

by using an electron beam. Electron beams are mainly used 
for the measurement of holes and^measurement (oxi| *^ 



two -dimensional imagss. /^ccQruiug 



According to some metho 



proposed, the top surface of the sample under inspection is 
20 charged with an electron beam and a first acceleration 
voltage^ and then a second acceleration voltage (ar^ applied 
CO che" sample to obtain an image for observation (for 



example, seeK Patent Document 2) 



{Patent ^Docxm^n^^ 
25 patent Document 2^[3¥^3r^o .20^5^ 
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As described above, withj(the technique for inspecting 
and measuring circuit patterns with electron beams ,i quality 
controlisuch asj^control of dimensions and; detection of 
defects^ under^higher lateral resolution is possible. 
5 The existing inspection apparatu^ use a^^probe current 

of several temnanoamperes and an electron beamj^accelerated 
(t^j^the range from several hundred volts to ten kilovolts, 
which posesnoH problems so long as silicon oxide or the like 
is used f orj^insulating films bet|neen layers. With circuit 
10 patterns ever becoming finer andj^data -processing speeds of 
IC*s ever increasing, however, it is becoming essential to 
use porous low-permittivity materials. 

Although Patent Documents 1 and 2 claim that the 
acceleration voltage of an electron beam against a wafer is 
15 variable in the range from several hundred volts to ten 
kilovolts (in the case of an inspection apparatus) and 
several tenSiVolts to two kilovolts (in the case of a r 
length-measuring apparatus) , they do not mention anyfart otjjL 
inspection and measurement j capable of reducing. damage to 
20 resists and porous low-permittivity materials. 

As described above, the priorifart] hardly aLddresslH^ the 
problem of damage to circuit patterns (to belxcaused by the 
exposure^ to electron beams. Accordingly, when wafers with 
circuit patterns including resists and porous materials are 
25 inspected, the resists and porous materials are damaged and 
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the dimensions of circuit patterns deviate from their design 
values • A 

The present inventor et al . ascertained that when 
wafers including resists and porous materials are inspected 
5 by the existing methods, the following damage occurs to 
wafers . 

(1) Materials are decomposed and shrink. Patterns on wafers 
change under the exposure to electron beamsj and the 
reliability of measurement is reduced. 
10 (2) Materials are decomposed by exposure to electron beams, 
which affects their characteristics^ such as adhesion to 
other materials, 

Thej[ phenomena [of the above paragraphs} (1) and (2) 



15 



lower the yield andj^perf ormance of IC*s. 



SUMMARY OF THE INVENTION 



The object of the present invention is to provide a 
techniguej^capable of reducing daiaagejincludi^^shrinkage^to 
resists and porous low-permittivity materials [included in 
20 fine patterns on wafers^ while they arej^ inspected with an 
electron beam, ^ 

The (abovejj^object of the present invention can be 
achieved by optimizing the irradiation energy of an electron 
beam and limiting its irradiation density. 
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According to |the)js tudy by the present inventor et al. , 
the damage^ such as shrinkage and spoilage^ to a resist or 
porous low-permittivity material in a circuit board '^o bejj^ 
caused by an electron beam^ largely depends on the 
5 acceleration voltage of the electron beam relative to the 
board and the incident density of the beam into the board. 
The present inventor took porous low-permittivity materials 
(for example, porous low-permittivity 

hydrogensilsesguioxahe (HSQ) materials) as examples and 
10 studied their shrinkage due to exposure to an electron beamj <>-J^>^ ^^^'^ 
^o f indjjthat^as the irradiation energy of the electron beam 
increased, thelt shrinkage increased, indicating ^eir)^ 
strong dependency on irradiation energy, and that thel* 
shrinkage tended to saturate as the irradiation density of 
15 the electron beam increased. Thus, the present invention 
is based on the new knowledge that the irradiation energy 
and density of (th^j^electron beam govern the damage to porous 
materials . 

The present inventor et al, studied the shrinkage of 
20 the abovej^ porous low-permittivity materials under ^he^y^ 
changing probe current and changing irradiation density of 
an electron beait^j^o f indj that the shrinkage hardly changed 
while the irradiation density was kept constant and the 



25 



probe current was increased 5,000 times within the rangeiofyy 
study. Thus, the present inventor et al. (ioundjj^that the 
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damage to a circuit pattern due to exposure to a primary 
electron beam could be reduced to an allowable range, 
regardless of the probe current of the beam, by controlling 
the irradiation energy and density of the beam. 

5 The damage to a porous material due to exposure to an 

electron beam is caused by direct action between incident 
electrons and bonding electrons in the material^ or by 
thermal decomposition due to incident energy which raises 
the surface temperature of the sample. The present inventor 

10 et al . found that the former cause was predominant over the 
latter one^ while the probe current of the electron beam was 
kept constant. 

The lower the irradiation energy of the primary 
electron beam is, the shallower the incidence of the beam 

IS is and thus the smaller the area of damage due to exposure 
to the beam is. Besides, the efficiency of destruction by 
an incident electron beam can be considered dependent on the 
irradiation energy of the beam. 

Accordingly, damage^such as shrinkage and spoilage to 

20 resists and porous low-permittivity materials during 

inspection and length measuring^can be reduced by reducing 
the irradiation ener^ and density of the primary electron 
beam. The control of/irradiation density of an electron beam 
can be accomplished by adjusting the probe current, i^scanning 
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area,|^ scanning speed, and^number of times of scanning by the 

Now ^hS))i typical configuration ji to {materialize) /ithe 
method l[of and apparatus} for inspecting circuit patterns 
5 according to the present invent ion^ will be described. 

(1) According to the invention, there is provided a 
method of inspecting a board with a circuit pattern 
including at least a porous low-permittivity material (for 
example, a porous low-permittivity hydrogens ilsesquioxane 

10 material)^ or a material similar to it in terms of structure 
or composition. The method comprises a step of scanning the 
circuit pattern with a primary electron beam|^)^a step of 
detecting secondary electrons generatedjor the electrons 
reflected from the board due to the irradiation^or both the 

15 former and latter electrons^ and converting the electrons 
into signals[^j and a step of transforming the signals into 
an image, displaying the image, and inspecting the circuit 
pattern. Damagejincluding shrinkage^ to the circuit pattern 
by the primary electron beam is reduced by controlling the 

20 irradiation energy and density of the primary electron beam. 

(2) According to the invention, there is provided the 
method of the above paragraph (1) , wherein the shrinkage of 
|the damage to^the circuit pattern due to (the] exposure to the 
primary electron beam is reduced to 2 .4 nm or less by setting 
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the irradiation energy of the primary electron beam to 300 
eV or less. 

(3) According to the invention, there is provided the 
method of the above paragraph (1) , wherein the irradiation 

5 density of the primary electron beam is limited according 
to the irradiation energy of the primary electron beam and 
depending on the kind of said low-permittivity material or 
said similarj^^^ne]* 

(4) According to the invention, there is provided the 
10 method of the above paragraph (1) , which further comprises 

a step of recording the irr^iation history of th^board^such 
as the irradiation energy, (yprobe current, andj^irradiation 
density of the primary electron beam and the areas of the 
circuit pattern to be exposed to the primary electron beam, 

15 (5) According to the invention, there is provided the 

method of the above paragraph (1) , which further comprises 
a step of finding, in advance, for each material included 
in the board, the correlations between (i) parameters 
including the irradiation energy, probe current, and 

20 irradiation density of the primary electron beam^and (ii) 
dimensional changes of the circuit patternjand a step of 
adjusting at least one of the parameters before the circuit 
pattern is scanned with the primary electron beam. 

(6) According to the invention, there is provided the 

25 method of the above paragraph (1) , wherein the irradiation 
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density of the primary electron beam is controlled by (i) 
calculating, in advance, the maximum dose of irradiation per 
unit area in each area of the circuit pattern to be exposed 
to the primary electron beam* and (ii) limiting the 
5 irradiation density of the primary electron beam^below the 
maximum dose of irradiation in said area during the 
inspection of the board. 

(7) According to the invention, there is provided a 
method of inspecting a board with a circuit pattern 

10 including at least a porous low-permittivity material (for 
example, a porous low-permittivity hydrogensilsesquioxane 
material)^ or a material similar to it in terms of structure 
or composition. The method comprises a step of scanning the 
circuit pattern with a primary electron beamQja step of 

15 detecting the secondary electrons generatedjor the 

electrons reflected from the board due to the irradiation 
or both the former and latter electronsj^and converting the 
electrons into signai^^jand a step of transforming the 
signals into an image, displaying the image, and inspecting 

20 the circuit pattern. The shrinkage of the circuit pattern 
due to the exposure to the primary electron beam is reduced 
to 2.4 nm or less by setting the irradiation energy of the 
primary electron beam to 300 eV or less. 

(8) According to the invention, there is provided a 
25 method of inspecting a board with a circuit pattern 
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including at least a porous low -permittivity material (for 
example, a porous low-permittivity hydrogens ilsesquioxane 
materiaD^or a material similar to it in terms of structure 
or composition. The method comprises a step of scanning the 
circuit pattern with a primary electron bean^j a step of 
detecting the secondary electrons generated^or the 
electrons reflected from the board due to the irradiation, 
or both the former and latter electrons^and converting the 
electrons into signalsHjand a step of transforming the 



signals into an image, displaying the image, and inspecting 
the circuit pattern. The shrinkage of the circuit pattern 
due to the exposure to the primary electron beam is reduced 
to 2.4 nm or less by (i) setting the irradiation energy of 
the primary electron beam to 300 eV or less^or (ii) setting 
the irradiation density of the primary electron beam to 1.4 
C/m^jif the irradiation energy of the primary electron beam 
is about 800 eV or more, 

(9) According to the invention, there is provided an 
apparatus for inspecting a board with a circuit pattern. At 
least the areas of the circuit pattern to be exposed to a 
primary electron beam include at least a porous 
low-permittivity material (for example, a porous 
low-permittivity hydrogensilsesquioxane material)^ or a 
material similar to it in terms of structure or composition. 
The apparatus comprises a means (bf\scanning the circuit 
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pattern with the primary electron beanQ^a means (o£)ide tec ting 
the secondary electrons generated^ or the electrons 
reflected from the board due to the irradiation^or both the 
former and latter electronss and converting the electrons 

5 into signalsQjand a meansjj^f) transforming the sisals into 
an image, displaying the image, and inspecting/circuit 
pattern, Damage^including shrinkage^ to the circuit pattern 
by the primary electron beam is reduced by controlling the 
irradiation energy and density of the primary electron beam. 

10 Besides, the shrinkage of the circuit pattern due to the 
exposure to the primary electron beam is reduced to 2.4 nm 
or less by setting the irradiation energy of the primary 
electron beam to 300 eV or less. 

(10) According to the invention, there is 

15 provided a method of inspecting a semiconductor device with 
a primary electron beam. The method comprises a step of 
scanning the circuit pattern of the board of the 
semiconductor device with the priinary electron beairQja step 
of detecting the secondary electrons generated^ or the 

20 electrons reflected from the board due to the irradiation^ 
or both the former and latter electrons^ and converting the 
electrons into signals^jand a step of transforming the 
signals into an image and displaying the image. Before the 
fine circuit pattern of the integrated circuit is inspected 

25 with the primary electron beam, (i) the various conditions 



- 12 • 



(including the irradiation energy and the probe current of 

the beam, and the magnifying power for observation) of 

irradiation are set, (ii) the materials included in the 

A 

circuit pattern are identified, and (iii) the allowable 

5 level of damage to the material? is set. Then, the maximum 

A 

irradiation density to each inspection area of the circuit 
pattern is controlled on the basis of data on the 
correlations between (i) the irradiation conditions and the 
allowable damage level. 

10 The above data are quantitative ones on the 

correlations between (i) the change of damage to a resist 
or porous low-permittivity material and (ii) the 
irradiation energy, the probe current, and irradiation 
density of the primary electron beam. 

15 Preferably, included in the method of the above 

paragraph (10) are a step of registering the [above] data on 
correlations and a step of providing an optimal number of 
times of irradiation. 

(11) According to the invention, there is provided a 

20 method of inspecting a semiconductor device with a primary 
electron beam. The method comprises a step of scanning the 
circuit pattern of the board of the semiconductor device 
with the primary electron beairQja step of detecting the 
secondary electrons generated^or the electrons reflected 

25 from the board due to the irradiation^or both the former and 
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latter electronsjand converting the electrons into signalsQj 
and a step of transforming the signals into an image and 
displaying the image. The integrated-circuit board 
includes at least a porous low-permittivity 

5 hydrogensilsesquioxane material^or a material similar to it 
in terms of structure or composition. The shrinkage of the 
circuit pattern due to the exposure to the primary electron 
beam is reduced to 2.4 nm or less by (i) setting the 
irradiation energy of the primary electron beam to 3 00 eV 

10 or less^or (ii) setting the irradiation density of the 
primary electron beam to 1.4 C/m^ or less^if the irradiation 
energy of the primary electron beam is about 800 eV or more. 

(12) According to the invention, there is provided a 
method of inspecting a semiconductor device with a primary 

15 electron beam. The method comprises a step of scanning the 
circuit pattern of the board of the semiconductor device 
with the primary electron beanQja step of detecting the 
secondary electrons generated^or the electrons reflected 
from the board due to the irradiationjor both the former and 

20 latter electrons^and converting the electrons into signals^j 
and a step of transforming the signals into an image and 
displaying the image. The method further comprises a step 
of (i) loading the integrated-circuit board, (ii) 
displaying a picture to set the conditions of inspection to 

25 be outputted, (iii) inputting parameters including the kind 
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of the resist or low-permittivity material included in the 
board, the irradiation energy and probe current of the 
primary electron beam used in the inspection, and the 
magnifying power for observation, (iv) displaying the 
5 maximum number of times of irradiation at an inspection area 
on the circuit pattern, and (v) setting the actual number 
of times of irradiation. 

The inspection jar€)iof the present invention has the 

p^^^l-A^^iJL tfvj^r*>JLflJMU vwMjtJvxrtLo t>^y.f^^^^t^ 

following advantages over^^^^e related ar^. 

10 (1) By setting the rated irradiation energy of a 

primary electron beam to 20-500 eV for porous materials, the 
damage can be reduced to such a degree that the damage can 
be ignored even in the case of integrated-circuit boards 
with nodes of 100 nm or less. Accordingly, a , 

15 integrated-circuit boards comprising materials/ unstable 
under irradiation^ such as porous materialSjcan be inspected 
without damaging them, which the existing inspection 
apparatus (their irradiation energy is over 3 00 eV) are not 
capable of. 

20 (2) Because the irradiation energy is low, only 

signals of secondary electrons j| emitted and electrons^ ^.^j^ ^^^^j^^^ 
reflected from the surface of a sample are detectediwithouty^ 
being affected by secondary electrons/^emitted or electrons.^^^*^ 
reflected from below the surface. Thus, the dimensions and 
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shapes of circuit patterns can be inspected with^ higher 
precision. , 

With the (art^of the present invention, the 
electro-optical system and other systems of an inspection 
5 apparatus are designed so that (the^ optimal performance (for 
example, the diameter of the electron beam is minimized) can 
be derived with j^irradiat ion energy of 3 00 eV. Thus, 
measurement and observation with^igher precision can be 
realized. 

10 The rated irradiation energy of the existing methods 

of inspecting circuit patterns with an electron beam is 500 
eV or more (including length measurement) . If a porous 
material is exposed to an electron beam of typical 
irradiation density , lyshrinkage of 10 nm or so occurs. With 

15 the(are^f the present invention, however, the shrinkage of 
porous materials can be reduced to 1-2 nm by setting the 
irradiation energy of an electron beam to 3 00 eV or limiting 
the irradiation density of the beam. Thus, with the [kx^pt 
the present invention, integrate-circuit boards^ which 

20 includeJI porous materials^and of which the nodes are 100 nm 
or lessjcan be inspected. 
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BRIEF DESCRIPTION OF THE DRAWINGS . 

Fig. 1 is a schematic ^lustrationjfpf a retarding- type 
scanning inspection apparatus(b^^eiectron-beam irradiation 
-.[used in the embodiment of] the present invention; , 
5 Fig. 2 is a flowchart (for describing^a first 

embodiment of the present invention; . j i 

^-^N (V-urCM^ fiA^^^^r^^^ ^.t^tW^^Uy 

Fig. 3 is a f lowchart^^or describingj a second 
embodiment of the present invention; . 

Fig. 4 is a block diagram (for describing]) a third 
10 embodiment of the present invention; 

Fig. SAj^shows the shrinkage ofj^XLK film^to which an 
electron beam was applied by using the apparatus of Fig. 1 
and the existing electron-beam method of inspecting circuit 
patterns; ft I 

IS Figs. 5B and SC^show the shrinkage of XLK film^to which 

an electron beam was applied by using the same apparatus and 
methods of inspecting circuit patterns according to the 
present invention; 

Fig. 6A is aj^cross section of a porous 
20 low-permittivity material before an electron beam is 
applied by the existing method; 

Fig. 6B is a^cross section of the porous 
low-permittivity material to which an electron beam was 
applied by the existing method; 
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Fig. 6C^ shows the shrinkage of the porous 
low-permittivity material to which an electron beam was 
applied by (the existingjimethod; 

Fig. 6D is a^cross section of the same porous 
low-permittivity material to which an electron beam was 
applied by the method of the present invention; 

Fi&. shows variations in shrinkage of a film 



according to the inspection method of the present invention 
and (the existingjj^inspection method; and 
10 Fig. S^illustrates an example of a specification 

screen of GUI command level functions in forming a recipe. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to ^drawings , ^ embodiments of jth^j^ method 
15 and apparatus for inspecting circuit patterns jo f]j|^the present 
invention will be described in detail. 



First Embodiment 

Fig. 1 is a schematic illustration of a typical 
retarding- type scanning inspection apparatus 
electron-beam irradiation. The object of the present 
invention is to control the integrated number of times of 
irradiation of afl primary electron beam at each inspection 
areaibased on the irradiation energy and probe current of 

A, 

25 the beam magnifying power for observation, and the scanning 
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ratej^ during inspection^ depending on the kinds of resists oryy 
porous, low-permittivity materialsy^in order to prevent or 
reduce the damage to circuit patterns by irradiation of the 

primary electron beam. ji^^^^,^^ 

The irradiation energyj^ toward a semiconductor device 
(or an integrated- circuit board) under inspection can be 



chang»by the ordinary method of changing the acceleration 
voltage of electrons emitted from the electron gun. Inj^the 
present invention, however, embodiments ghrougKJ^a 
10 retarding- type inspection apparatus^:^ electron- beam 
irradiation will be described. 

Whenj^ extraction voltage 3 is applied (toj between a 
field-emission cathode 1 and^extractor 2, electrons 4 are 
emitted. Emitted electrons 4 are accelerated (or , 
15 decelerated) between the extractor 2 and an anode 5(of\ground 
'iJ^P^^^sB* '^^^ acceleration voltage of the/\ electron beam 
(primary electron beam) 7 , j^whichj^ passed the anode 5, 



corresponds to the accelerating voltage of the electron gun. 
The primary electron beam 7 ^accelerated by the anode 



20 5^ undergoes scanning deflection by a condenser lens 14 and 
a scanning deflector 15. The deflecting intensity of the 
scanning deflector 15 is (adjusted for th^i two -dimensional 
scan^of the topj\of a sample 12 with the [fulcrum of^the center 
of an objective|^16 . The deflected primary electron beam 7 

25 is accelerated by ^h^|^post-def lection acceleration voltage 



I' 



- 19 - 



21 jot^an accelerating cylinder 9^provided in a passage of 
the objectivei<16 . The primary electron beam 7^ after the 
post-deflection acceleration|is focused on the sample 12 by 
the objective 1^16 . A generator 13 generatesj^ negative 
5 retarding voltage^which is applied to the sample 12 to form 
a deceleration field between the objective^lS and the sample 
12. After passing through the objective's, the primary 
electron beam 7 is decelerated by the deceleration field and 
reaches the sample 12. 
10 With the configuration described above, the 

acceleration voltage of the primary electron beam 7jat the 
time(o^f its passin^j(through the objective^l6^is the sum of 
the acceleration voltage 6 of the electron gun and the 
post-deflection acceleration voltage 21, which is higher 
IS than the acceleration voltage at the time of incidence of 
the beam 7 into the sample 12 (the acceleration voltage 6 
of the electron gun minus the retarding voltage 13) . 
Accordingly, a finer electron beam (high spatial 



20 



resolution) is obtained, compared with the primary electron 
beam 7 ^focused by the objective^l6 under the acceleration 
voltage at the time of (the) incidence of the beam 7 into the 
sample 12. ^t5)jyis accomplished by ^h^| reduced chromatic 
aberration of the objectivej^lS . If the acceleration voltage 
6 of the electron gun is 10 kV, the post-deflection 
25 acceleration voltage 21 is 8 kV, and the retarding voltage 
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is 9,7 kV, the primary electron beam 7 passes through the 
objective {^16 underj^acceleration voltage of 18 kV^and the 
irradiation energy of the primary electron beam 7 at the time 
of incidence is 300 eV. The spatial resolution |of)j(this 

5 example is about 2.5 nm, whereas the resolution is 10 nm^if 
the primary electron beam 7 with irradiation energy of 1 keV 
is focused by the obj^ctive|16 . 

To Realize the)j^damage-f ree inspection of resists or 
porous -type materials, the irradiation energy has to be 

10 reduced to 300 eV or less, or the irradiation density has 
to be limited, high spatial resolution of, for example, 3 
nm or less^withj^irradiation energy of 300 eV^can be obtained 
with the above setting. 

When the primary electron beam 7 is applied to the 

15 sample 12, secondary signals (l^j^are generated. The 

secondary signals {ll)^to be used jare)jSecondary electrons and 
reflected electrons. The electric field formed between the 
objectivej^ie and the sample 12 acts on the secondary signals 
22 as an acceleration field; therefore, the secondary 

20 signals 22 are attracted into the passage of the objectives 
16 and rise through the passage under the action of the 
objective 1^16 . After passing through the passage, the 
secondary signals 22 pass through the ExB deflector 11 and 
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collide with a reflector 27. The reflector 27 is a 
conductive plate^andj\has an opening in its center to let the 
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primary electron beam 7ithrough. The collision surface of 
the reflector 27 is coated with a material! highly generative , 
of secondary electrons, such as goldQ^by the vapor 
deposition method. The secondary electrons and reflected 

5 electrons of secondary signals 22 collide with the reflector 
27 through almost the same path. 

The secondary and reflected electrons of secondary 
signals 22 collide with the reflector 27 to generate 
secondary electrons 28, which are detected and converted 

10 into electrid^signals by a secondary- electron detector 25 
andji^amplif ied by a preamplifier 31. A monitor 23 undergoes 



brilliance modulation [b^f^the output signals of the 

preamplifier 31 to produce a two-dimensional image^i(^>^ 

A 

synchronous with the primary electron beam 7, 
15 Alternatively, the output signals of the preamplifier 31 may 
be converted int^ digital signals by an analog-digital 
converter 32, (and) the digital signals are sent through a 
buffer 33 to an image storage 34 or 35. The 
secondary- electron detector 25 may be a semiconductor 
20 detector or an MCP (micro-channel plate) . The images stored 
in the image storages 34 and 35 are sent through an image 
processor 36 to a defect detector 37, where the kinds and 
locations of defects are determined and recorded. 

If the irradiation energy of the primary electron beam 
25 7 is reduced to, for example, 300 eV or less, the control 



) 
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of electrification of the top surface of the sample 12 
becomes more difficult. To cope with this problem, an 
electrification-controlling electrode 17 is provided 
between the objective |^16 and the sample 12. A power supply 

5 24 applies ^appropriate voltage to the 

electrification-controlling electrode 17 to form an 
appropriate electric field between the objectivq^l6 and the 
sample 12 ^nc^^thereby^control the quantity of the secondary 
signals 22 returning to the sample 12. Thus, the 

10 electrification potential of the top surface of the sample 
12 can^precisely |be) controlled. 

The output signals of the secondary- electron detector 
25 are synchronized with the scan signals of the primary 
electron beam 7j^to display an image on an electron-beam scan 

15 image display and store the image in the data-processing 



unit 26^ including X storages . The data-processing unit 26 
processes the image and determines and records the shapes 
and dimensions of the image. 

An aperture diaphragm 8 is provided to control the 

20 opening angle of the primary electron beam 7, and an 
adjusting knob 10 is provided to align the aperture 
diaphragm 8 with the vertical center axis of the inspection 
apparatus. The reference numeral 18 indicates a mechanism 
for moving the sample 12 in the X and Y directions. An 

25 insulating plate 20 is provided on the mechanism 18 . (Provide? 
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vyn the insulating plate 20j|is a sample holder 19, which the 
retarding voltage 13 is applied \t^. When a sample 12 is^u^i^^^'-'-^ 
on the sample holder 19, the retarding voltage 13 is applied 
to the sample 12,)^^o^. The reference numeral 29^^j|a blanker. 

5 By applying^blanking voltage 30 to the blanker 29, the 
primary electron beam 7 is deflected for collision with the 
aperture diaphragm 8; accordingly, j| the primary electron 
beam 7 is prevented from reaching the sample 12. Thus, the 
primary electron beam 7^^s^ applied to the sample 12 only 

10 during the observation and irradiation of the sample 12 . For 
example, while the conditions of irradiation are calculated 
and set, the primary electron beam 7 is prevented from 
reaching the sample 12jand^hence^the irradiation density of 
the primary electron beam 7 can precisely be controlled. 

15 Referring to the flowchart of Fig, 2, a damage- free 

method of inspecting porous, low-permittivity materials 
according to the present embodiment willjnowjbe described. 

Referring to a database, the kind of a resist or 
low-permittivity material included in an 

20 integrated-circuit board is designated (Step 42)^ and then 
[selected isH^irradiation energy capable of damage-free 
inspection (Step 43)^- The electro-optical system is 
adjusted with the selected irradiation energy (Step 44) . 
Referring to the optical or electron-beam scan image of the 

25 circuit pattern, an inspection area and the magnitude of the 
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probe current of the electron beam to be used for inspection 

are specif ied^and the magnifying power for observation of 

the area is determined (Step 45). 

In Step 45, the image (image "A") is stored in a 

5 storage^ if necessary. 

Thereafter, the primary electron beam 7 is 

interrupted ^itli)j^the blanker 29 (Step 46)Qjand^the maximum 

number of times of irradiation is estimated at each 

inspection area^and the locations of irradiation and the 

10 maximum number of times of irradiation are stored in a 

storage (Step 47) . 

If the estimated number of times of irradiation is . 

smaller than the minimum number of times of irradiation j^to 

obtain an SEM (scanning electron microscope) image with a 

15 sufficient signal-to-noise ratio, the measurement is t:^-^^*'^ 

A 

impossible (Step 48) . In this case, the system returns to 



Step 45 to specify an inspection area, (the) probe curr|^, 
and ^h^ magnifying power again| and ^epeats^ Steps 44-4^. If 
the measurement is possible in Step 48, the system advances 
20 to Step 4 9j^ wherejj^if it is necessary to change the 

irradiation energy, the_^stem returns to Step 43 and 



(repeats] Steps 43-4S|^. 

If it is not necessary to change the irradiation 
energy in Step 49, it is (checke^ jwhether i^charging process 
25 to raise the yield of secondary signals is necessary ^r notj 
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(Step 50) . If the processing is not necessary, the blanker 
29 is turned off (Step 55) , the inspection area is measured 
at itsi specif ied magnifying power (image "B") (Step 56) , and 
the result is reported (Step 57) . 

5 If a primary electron beam 7 with higher irradiation 

energy is applied to a sample 12 for higher spatial 
resolution, the irradiation density of the beam 7 is limited 
to reduce damage to the sample 12 . 

If the top surface of the sample 12 has to be charged 

10 before inspection, the primary electron beam 7 is set to an 
appropriate level of irradiation energy. and the charging 
process isj^^[made) (Steps 51-53) . ^ 

The irradiation density values of allj^the spots of the 
inspection area are added upland the measuring time is set 

IS so that the irradiation will not exceed its upper limit. 

The dimensions and shapes of the circuit pattern are 
measured and checked on the image "B." If the inspection 
apparatus is automatically operated, data on the inspection 
area and conditions of inspection may be read from a database 

20 without manual observations^ and an image "B" of the 

u ^ 



inspection area may^ directly [bej recorded. The results of 
measurement and checkups of dimensions and shapes on the 
image "B" are compared with data in the database for 
judgment . 



- 26 



Thereafter, the system moves to another inspection 
areatand the above^ process is repeated. The above^ process 
is stored as a program in the system, and the program is 
executed. 



Second Embodiment 

Referring the flowchart of Fig. 3, a second embodiment 
of the damage- free inspection method according to the 
present invention will ^ov^ be described, (As^j^the 



10 configuration of the inspection apparatus for this second 



embodiment is the same as that for the first embodiment, (the^^ 
description of the apparatus ^sij^omitted here. 

The shrinkage of porous low-permittivity HSQ 
materials under irradiation tends to saturate as the 

15 irradiation density of the primary electron beam increases. 
If the irradiation energy of th^primary electron beam is 
sufficiently low, monitoring of /irradiation density of the 
primary electron beam during inspection is unnecessaryj^sc 
long as the effects on the performance and yield of 

20 inte^i^t^- circuit boards are at such an insubstantial 
level^s^can be ignored if the shrinkage of a porous material 
becomes steady. 

In this embodiment, by designating the kind of (the) 
porous material included in the sample 12 (Step 58) , such 

25 damage-free irradiation energy is provided (Step 59) . 
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Thereafter, as in the case of the first embodiment, the 
electro-optical system is adjusted with the selected 
damage-free irradiation energy (Step 60) , and while looking 
at the scan image of the sample, the operator marks an 

5 inspection area and determines the magnifying power for the 
observation of the area (Step 61) . 

Then, the dimensions and shapes of the circuit pattern 
in the inspection area are manually or automatically 
measured and checked and the results are stored. As in the 

10 case of the first embodiment, if the top surface of the 
sample 12 has to be charged before measurement, the charging 
process is [made)^(Step 63-65). 
Third Embodiment 

Referring to Fig. 4, [th||jithird embodiment of the 

15 method of inspecting (thd) i^circuit pattern of an 

integrated-^^rcuit boardj including a resist or a porous 
material^^ now] described. The inspection apparatus used 
in this third embodimsnt is similar to that used in the first 
embodiment^ and ^ndicatedjby the sections surrounded by the 

20 broken line of Fig. 4. The reference numerals 71, 72, and 
7 3 are a control system, a body tube, and a wafer chamber 
including a stage, respectively. 

Data including information on the inspection areas of 
the circuit pattern {of)(^a manufacturing step are read in 

25 advance into the measuring apparatus from another storage 
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70j including a database of the circuit patterns of^^ 
manufacturing steps of the integrated- circuit board. When 
an inspection area of the circuit pattern is selected from 
the data, the measuring apparatus directly generates an 
5 electron-beam scan image of the inspection area and measures 
the dimensions and shapes of the circuit pattern on the 
image. Thus, irradiation can be confined to inspection 
areas^and^hence^the damage to the board due to the inspection 
can be minimized. The process of inspection is similar to 
10 ^ose of^^the first and second embodiments (Figs. 2 and 3) . 
As to the information on inspection areas of the circuit 
patterns of manufacturing steps of the integrated-circuit 
board, data obtained by other measuring apparatus^j may be 
read into the abovejy measuring apparatus. 
15 Fig. 5A shows the shrinkage of^XLK film to which an 

electron beam was applied by using the apparatus of Fig, Is 
[and^j^tne existing electron-beam method of inspecting circuit 
patterns. Figs. 5B auu 5C show the shrinkage of,\ XLK film 
to which an electron beam was applied by using the same 
apparatus [and^methods of inspecting circuit patterns 
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according to the present invention. The measurements shown 
in those figures were taken with an AFM (atomic force 
microscope) . 

The irradiation density is the same (17.7 C/cm^) 
/A 

25 (throug^j^the three cases. The shrinkage was about 5 nm in 
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the case of the existing method (the irradiation energy was 

A 

800 eV) as shown in Fig. 5 lt^Mf[^»^ whereas^ the shrinkage hardly 
occurred in the cases of the methods of the present invention 
(the irradiation energy was 300 eV and 200 eV)vas shown in 

5 Figs, 5 (jpW and 5 tiM . Thus, the methods of the present 
invention proved to be capable of reducing damage^ such as 
dimensional variation of circuit patterns^due to^nspection 
in which an electron beam Is used. 

Fig?, 6 l^hows the result of) observation of a 

10 cross-sectional profile of a sidewall of a bare hole, the * 
sidewall being made of a low-permittivity materialQ^by an 
SEM (with low irradiation energy) before and after applying 
an electron beam to a wafer including ghgj^low-permittivity 



material as an inter-layer insulator film in its circuit 
pattern (bare hole)^;^ using the apparatus of Fig. 1 and the 
existing electron-beam method of inspecting circuit 
patterns . -« — 

- VJhcn an else tron beam was applied by the existing 
method (irradiation energy was 800 eV) to the profile of the 
20 sidewall before the electron beam irradiation (Fig. 6A) , a 
primary electron beam or a secondary signal therefrom enters 
the low-permittivity material of the sidewall (Fig. 6B) , 
causing the material to shrink (Fig. 6C) . 

J^(Contraril^, when the measuring method of the present 
25 invention is used in the device of the first embodiment. 
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shrinkage was hardly observed after the inspection of the 

same pattern (Fig. 6D) . 

(I^ Fig. underj^each^irradiation energy of the 

primary electron beam, the shrinkage of a porous HSQ film 

5 according to the change {o£)j^irradiation density ^s show^. ^ 

A 

seeAthat the shrinkage of the film largely depends on the 

^ 

Irradiation energy of the primary electron beam and tends 
to saturate as the irradiation density of the electron beam 
increases . 

10 Whenj^irradiation energy of 1, 000 eV was applied to the 

porous HSQ film by the existing electron beam inspection 
method, at typical irradiation density "a," the shrinkage 
of the film was "b." 0^:^A 



^(Contraril^, when the measuring method of the present 
15 invention was used in the device of the first embodiment, 
since the allowable level "d" of shrinkage was set in 
advance, the inspection could be executedyy such/^ that the 
shrinkage of the film due to the inspection did not exceed 
"d" (in whicfiJi^the irradiation density was "c" or lower. 
20 Further, the shrinkage of the film due to the inspection was 
reduced to "d" or less by setting the irradiation energy of 
the primary electron beam to 500 eV and 3 00 eV. 

As an example of the inspection j^according to the 
present invention. Fig. 8 shows a specification screen of 
25 GUI (Graphical User Interface) command level functions for 
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setting the inspecting conditions when forming a recipe. On 
this screen,^ names of parts and their functions are as 
follows. , 

(1) Component Box for selectingji kind of 

5 resist/low-permittivity material: Select Aname of ^ 

A 

resist/low-permittivity material to be hit by the electron 
beam on the semiconductor device to be inspected from among 
items in the component box. 

(2) Component Box for selecting) shrinkage allowable 
10 level: Select the maximum value of shrinkage due to electron 

beam irradiation from among items in the component box in 
accordance with the specification of a semiconductor 
device. 

(3) Component Box for .selectingjj electron-beam 

15 irradiation energy: Select ^irradiation energy of the 
primary electron beam used in the inspection from among 
items in the component box. » 

(4) Component Box for selecting,\inagnif ying power for 
observation: Select a scanning range (magnifying power for 
observation) of the primary electron beam in the inspection 
from among items in the component box. 

(5) Component Box for selectingj^probe current: Select 
the probe current value of the primary electron beam used 
in the inspection from among items in the component box. 
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(6) Set Button: When this button is pressed, inputted 
data in Steps (l)-(5) become effective, and the component 
box on the right for selecting the number of frames to be 
irradiated is enabled. 

5 (7) Component Box for selecting the number of frames 

to be irradiated: Out of items in the component box, select 
the number of times of irradiation to each inspection area 
under inspection from among the available numbers of frames 
to be irradiated that are calculated in Step (6) • 

10 (8) OK Button: When this button is pressed, the 

inputted data in Step (7) becomes effective. 

(9) Form Recipe Button: When this button is pressed, 
a screen for forming a recipe for the inspection is generated 
and displayed. 

15 (10) Clear Button: When this button is pressed, the 

<K 

inputted data in Steps (l)-(5) are cleared andj^ reentrant 
procedure becomes possible. 

(11) Cancel Button: When this button is pressed, even 

r -\ ^^^^ 
if the OKbuttonjof^ (8) has^eenjalreadyjjpressed the inputted 

20 data in Step (7) is abandoned, and reselection becomes 

possible . 

(12) OK Button: When this button is pressed, the 
contents that have been set in the regions A and B become 
effective, and the system goes to the next step of the recipe 

25 formation . 
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(13) Cancel Button: When this button is pressed, all 
the data inputted in the regions A and B are abandoned, which 
makes it possible to input conditions from scratch. 

Action/processing andj^contents of the processing are 
5 as follows: 

1) Construction of recipe forming screen (9), 

Contents of Processing: (a) Generate a screen (b) 

Enable region A of the screen for inputting conditions, 

A 

2) Input of inspecting conditions (1) - (6). 

A 

10 Contents of Processing: (a) Select the kind of resist 

or low-permittivity material in the semiconductor device, 
allowable level for shrinkage of materials caused by the 
electron beam irradiation, the irradiation energy and probe 
current of the primary electron beam, and the magnifying 

15 power for scanning during the inspection, (b) Read data on 
the correlation between the conditions of irradiation of the 
electron beam stored in the device in advance and the 
shrinkage of the material to be inspected^ calculate the 
number of frames in which the same inspection area can be 

20 irradiated during the inspection, and store such data in the 
storage. (c) Disable region A and enable region B. 

3) Input [ofj the number of frames in which the same 
inspection area can be irradiated during inspection, 

(7) - (8) , and (12)* 
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Contents of Processing: (a) Input the number of 
irradiation frames calculated in Step 2) which are usable 
in the inspection. (b) Put away the screen for inputting 
conditions, and generate/display the next setting screen 

5 necessary for the inspection. 

As described above in detail, according to the present 
invention, with respect to objects which have been|^»<^^-*^ 
^mmeasurablejj^such as a pattern on a semiconductor device 
including porous low-permittivity materialsjsuch as an ArF 

10 resist material, a porous low-permittivity 

hidrogensilsesquiozane (HSQ) material and the like, 
damage -free or damage -reducing measurement in measuring the 
dimensions and shapes, detecting defects and reviewing^ (r^i>«^t!^ 
becomes possible. Thus, the damage to the semiconductor 

15 device due to the inspection itself can be minimized, (the) 
information closer;^ the actual state of the semiconductor 
device can be obtained, and the inspection can be performed 
with higher precision and reliability by using an electron 
beam of low acceleration voltage. 



